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combined in proportions which are not stoichiometric there is present a definite
chemical compound associated either with unchanged rubber or with a com-
pound of a lesser degree of vulcanisation. At the same time the possibility
is not excluded that such a system is actually present; indeed Ostromiss-
lenski * considers vulcanisation as a process in which only a small proportion
of the rubber enters into combination with sulphur to form a compound in
which the unchanged rubber is swollen or adsorbed.
The reverse condition may equally well obtain, in which the compound
formed is adsorbed by the unchanged rubber. Opposed to a theory such as this
is the fact that fully vulcanised rubber dispersed throughout unvulcanised
rubber does not confer upon the mixture the property of vulcanised rubber,
even after heating.
A process of polymerisation has been suggested by Axelrod f to account
for the change in properties. Vulcanisation is regarded as a process in which
there occurs a simultaneous " depolymerisation " by means of heat and a
" polymerisation " due to the sulphur with simultaneous formation of a sulphur
addition product. It is not clear whether a purely chemical polymerisation
is to be understood, or whether the change is to be regarded as the reverse of
the effect noted when the rubber is submitted to mechanical working, a change
which may be followed by examining the viscosity of the rubber in solution.
An explanation based on a process of chemical polymerisation or physical
aggregation, or a combination of the two, is not altogether unreasonable, since
caoutchouc itself may be regarded as the product of the polymerisation of
isoprene. Thus a mobile liquid soluble in all organic solvents may pass
spontaneously into an elastic mass, insoluble in many liquids capable of dis-
solving the parent hydrocarbon. It is conceivable that caoutchouc itself may
be further polymerised to form a hydrocarbon still more resistant to solvents,
and with more marked elastic properties. So far it is doubtful whether such
polymerisation has been induced by agents of which it can be said with certainty
that they do not enter into chemical combination; some of the synthetic
caoutchoucs, it is true, do not swell or dissolve as readily as does natural
rubber, and it may be that in this case polymerisation has proceeded farther
than is necessary merely to produce normal caoutchouc. Sulphur itself does
not appear to be suitable as a polymerising agent for converting isoprene
into caoutchouc, although this cannot be taken as proving conclusively that
it does not effect a similar change in the case of caoutchouc already formed.
There is abundant evidence that in hot vulcanisation there are being
exerted, as postulated by Axelrod, two opposing influences, of which the heat
* /. SUB*. Phys. Chem. Soc., 1915, 47, 1453.                     f Oummi Zeit., 1909, 24, 352.